A new genus and species, Sinorhodeus microlepis gen. et sp. nov., is described from a tributary of the Yangtze River, in Chongqing City, China. Sinorhodeus gen. nov. can be distinguished from four closely related genera, Paratanakia, Pseudorhodeus, Rhodeus, and Tanakia, by the following combination of characters: pharyngeal teeth 0,0,4-4,0,0, longitudinal scales 41-46, white spots on dorsal-fin rays absent, a black blotch on dorsal fin in juvenile absent, and less developed wing-like yolk sac projections in larvae. Phylogenetic analysis of one mitochondrial gene and six nuclear genes supports the establishment of the new genus.
Introduction
The subfamily Acheilognathinae, commonly known as the bitterlings, comprise approximately 81 species in five genera and one unnamed clade and are distributed throughout Eurasia (Arai & Akai 1988; Yang et al. 2011; Li & Arai 2014) . The genera Acheilognathus Bleeker with 40 species (Yang et al. 2011; Nguyen et al. 2013) , Tanakia sensu lato (including Tanakia Jordan & Thompson, Paratanakia Chang, Chen & Mayden, and Pseudorhodeus Chang, Chen & Mayden) with nine species (Arai & Akai 1988; Chang et al. 2014; Kim et al. 2014) , and an unnamed clade with three species (Yang et al. 2010; Chang et al. 2014) , are confined to East Asia (Kottelat 1998; Lin 1998; Kottelat 2001; Hosoya 2002; Chen & Chang 2005; Bogutskaya et al. 2009; Kim et al. 2014) , while the genus Rhodeus Agassiz with 19 species, is widespread from East Asia to Western Europe (Bohlen et al. 2006; Chang et al. 2014; Li & Arai 2014) .
The Yangtze River contains a high diversity of acheilognathines, including 13 species of Acheilognathus, five species of Rhodeus, one species of Paratanakia, and three species of the unnamed clade (Miao 1934; Lin 1935; Wu 1964; Lin 1998; Doi et al. 1999; Yang et al. 2010; Li & Arai 2011; Chang et al. 2014; Li & Arai 2014; Zhang et al. 2016) , among which three species were recently described (Yang et al. 2010; Li & Arai 2011; Li & Arai 2014 ) and more may be waiting to be discovered.
A highly distinctive bitterling was discovered from a tributary of the Yangtze River in Chongqing City in central China. After morphological examination and molecular phylogenetic analysis, this species represents a distinct lineage and is described herein.
Materials and methods
Morphological analyses. Methods for counts and measurements follow Hubbs & Lagler (2004) . The last two rays of the dorsal and anal fins were counted as one ray. Vertebrae and unpaired fin rays of type specimens were counted from radiographs made with the Kodak DXS 4000 system. Vertebral number includes the Weberian complex (as 4) and the terminal urostyle (as 1). The first caudal vertebral centrum is the centrum with a haemal spine. The insertion of the proximal segment of the first pterygiophore in the dorsal and anal fins is expressed according to Arai et al. (1995 Arai et al. ( , 2007 . Positions of the first dorsal-and anal-fin ray pterygiophore (D-PTG-1 and A-PTG-1, respectively) were examined from radiographs. When the proximal radial of D-PTG-1 is inserted between neural spines of the vertebral centra nth and (n+1)th, the position of D-PTG-1 is expressed as D-PTG-1 = n. When the proximal radial of A-PTG-1 is inserted between haemal spines of the vertebral centra mth and (m+1)th, or in front of the first haemal spine supported by vertebral centrum (m+1), the position of A-PTG-1 is expressed as A-PTG-1 = m. Pharyngeal teeth and gill rakers were observed by dissecting some non-type specimens. Infraorbital bones were observed from cleared and stained specimens. Cephalic sensory canals were observed from cleared and stained and formalin-fixed specimens. The host mussel species was determined based on field and aquarium observations.
Examined specimens in this study are deposited in the following collections: AMNH, American Museum of Natural History, New York; BMNH, The Natural History Museum, London; IHCAS, Institute of Hydrobiology, Chinese Academy of Science, Wuhan; NMW, Naturhistorisches Museum, Wien; NSMT, National Museum of Nature and Science, Tokyo; NTUM, National Taiwan University, Taipei; SMU, Sang Myung University, Seoul; SOU, Shanghai Ocean University, Shanghai; ZUMT, Department of Zoology, University Museum, University of Tokyo, Tokyo.
Molecular phylogenetic analyses. Genomic DNA was extracted from fins preserved in 95% ethanol using a modified phenol-chloroform method (Sambrook & Russell 2001 Chen et al. (2003 Chen et al. ( , 2008 , López et al. (2004) and Chang et al. (2014) . PCR protocols of all genes followed Chang et al. (2014) . The PCR products were purified and sequenced using an ABI 3730 analyzer by Sangon Biotech Co.,Ltd (Shanghai). The sequences of new species in this study are available on GenBank; the other sequences were obtained from GenBank, primarily from Chang et al. (2014) . A full list of taxa with corresponding GenBank accession numbers is provided in Table 1 .
Seven genes were aligned using MEGA 7 (Kumar et al. 2016) and checked by eye. Phylogenetic relationships were estimated using two methods, maximum likelihood (ML) and Bayesian inference (BI), both with partitions based on genes and codon position. Danio dangila was designated as the outgroup for tree rooting. RAxML 7.0.4 (Stamatakis 2006 ) was used for ML analyses. The most appropriate model of sequence evolution (GTR + I + G) was selected under the Akaike Information Criterion (AIC) (Akaike 1974) . Bootstrap support was conducted with 1000 reiterations with RAxML (Felsenstein 1985) . Bayesian inference was run in MrBayes v3.2 (Ronquist & Huelsenbeck 2003) . All parameters except topology and branch length were allowed to vary independently using the unlink command in MrBayes v3.2 (Ronquist & Huelsenbeck 2003) . Analyses were conducted with 11 models for 21 partitions as suggested by jModelTest 2 (Darriba et al. 2012 ; Table 2 ) sampling for six million generations (two simultaneous analyses, nruns = 2; three heated chains, nchains = 4; chain temperature 0.1; sample frequency 1000; burnin = 25%; the average standard deviation of split frequencies of 0.000364). Trees were visualized in FigTree v.1.3.1 (http://tree.bio.ed.ac.uk/software/figtree).
Results
Sinorhodeus gen. nov. Li, Liao & Arai Diagnosis. Sinorhodeus can be distinguished from all other genera of Acheilognathinae by the following characters: pharyngeal teeth 0,0,4-4,0,0, longitudinal scales 41-46, transverse scales 16-18, white spots on dorsalfin rays absent, a black blotch on dorsal fin in juvenile absent, less developed wing-like yolk sac projections in larvae. Similar to Rhodeus in absence of barbels and incomplete lateral line, but distinguished from it by absence of white spots on dorsal-fin rays (vs. present), absence of a black blotch on dorsal fin in juvenile (vs. present), and less developed wing-like yolk sac projections in larvae (vs. well developed, Fig. 1A ). Similar to Tanakia sensu lato (Tanakia, Paratanakia, and Pseudorhodeus) in absence of white spots on dorsal-fin rays, absence of a black blotch 
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on dorsal fin in juvenile, and less developed wing-like yolk sac projections in larvae (Fig. 1B) , but distinguished from them by uninterrupted incomplete lateral line (vs. complete in Tanakia and Paratanakia, interrupted incomplete in Pseudorhodeus) and absence of barbels (vs. present). Distinguished from Acheilognathus by incomplete lateral line (vs. complete, except A. typus with incomplete lateral line), absence of white spots on finrays of dorsal fin (vs. present), and less developed wing-like yolk sac projections in larvae (vs. not developed, Fig.  1C ). Sinorhodeus also can be further distinguished from all other genera by fewer pharyngeal teeth (0,0,4-4,0,0 vs. 0,0,5-5,0,0) (Table 3) . Type species. Sinorhodeus microlepis. Etymology. The generic name, Sinorhodeus, is derived from the Latin Sino, meaning "Chinese", and Rhodeus, a genus of bitterling fish, in reference to its distribution in China and morphological similarity to Rhodeus. The gender is masculine. Dorsal fin with 3 simple and 8 branched rays (rarely 6 or 9). Anal fin with 3 simple and 8 branched rays (rarely 7 or 9). First simple ray in dorsal and anal fins very small, hidden under skin. Longest simple ray of dorsal fin strong and stiff, distally segmented; width of basal portion much wider than that of first branched ray; longest simple dorsal-fin ray segmented from area corresponding to second branching point of first branched ray (Fig. 3A) . Longest simple ray of anal fin soft and distally segmented; width of basal portion equivalent to that of first branched ray; longest simple anal-fin ray segmented from area corresponding to first branching point of first branched ray (Fig. 3B ). Pectoral fin with 1 simple and 12-13 branched rays. Pelvic fin with 1 simple and 6-7 branched rays. Principal caudal rays 19, including branched rays 17 (9 + 8); dorsal procurrent rays 6-7, ventral procurrent rays 5-6. (34) (35) (36) (37) . Position of first dorsal-fin ray pterygiophore (D-PTG-1) = 10 (between 10th and 11th vertebrae, denoted as 10; rage from 9 to 11). Position of first anal-fin ray pterygiophore (A-PTG-1) = 16 (range from 15 to 17) (Fig. 4) . Pharyngeal teeth in one row, formula 0,0,4-4,0,0; occlusal grooves developed (six adult specimens dissected, Fig.  5 ). Gill rakers on external side of first gill arch 7-9.
Four infraorbital bones (io) present. Cephalic sensory canals of adult specimens highly reduced: infraorbital canal interruptedly incomplete, usually separated into 3 (corresponding to io1, io2, and io3) or 4 (corresponding to io1, io2, io3, and io4) parts in males, but 1 (corresponding to io1) or 2 (corresponding to io1 and io3) parts in females; temporal canal present; supratemporal canal absent; supraorbital canal not connecting to infraorbital sensory canal; infraorbital canal not connecting to preopercular canal (Fig. 6) . Asymmetry common in cephalic sensory canal system of adult specimens.
Ripe eggs short pear-shaped, length of major axis approximately 2 mm, ratio of major axis to minor axis 1.3-1.4 (Fig. 7A) . Larvae with less developed wing-like yolk sac projections (Figs. 7B, 7C ). Coloration in life. Adult males are strikingly colorful during breeding season: body color mostly red, with bluish sheen dorsally. A light red vertical band covering 3rd-4th scales in lateral series. Dorsal fin blackish without stripes. Anal fin blackish with a red longitudinal band in center. Inner part of anal fin usually fully filled with red in large males. Pectoral fin, pelvic fin, and basal part of caudal fin reddish. Iris red (Fig. 8A) .
In females, all fins hyaline. Iris blackish in small individuals, but reddish-orange in large individuals. Egg tube (ovipositor) whitish (Fig. 8B) .
In juveniles, dorsal fin without a black blotch (Fig. 9) . Color in preservative. Ground color brown, darker on dorsal portion of body than on ventral portion of body. Vertical light band present on anterior flank in males; absent in females. Narrow longitudinal stripe on each side of body running from below dorsal fin and ending about 3 scales in front of caudal-fin base. Dorsal fin of males blackish; anal fin whitish with blackish margin. Dorsal and anal fins of females hyaline without white spots on fin rays. (Fig. 2) .
Distribution and ecology. Known only from a tributary of Yangtze River, in Banan District, Chongqing City, China (Fig. 10) . The type locality was a slow-flowing stream at an altitude of 625 meters. The substrate consisted of mud mixed with gravel. Other syntopic species were Rhodeus ocellatus, Hemiculter leucisculus and Pseudorasbora parva. Surveys were also conducted in the streams of peripheral regions in same basin, and only one bitterling, Rhodeus ocellatus, was collected. The limited distribution suggests that S. microlepis may be rare and stenotopic. Conservation for S. microlepis may be necessary.
Sinorhodeus microlepis exhibits a unique host preference. It spawns in the gills of freshwater clam, Corbicula fluminea (Figs. 11A, 11B) , from March to October, and usually releases 10-15 eggs at one time. The breeding peak time is spring (April to May). Etymology. The specific name, microlepis, is derived from the Greek micro, meaning small, and lepis, meaning scale, a noun in apposition, in reference to the diagnostic small scales of this species. 
Molecular phylogenetic analyses
A total of 6207 bps were aligned for the combined seven genes of 25 bitterling and two outgroup taxa. The topological structures of BI and ML trees were highly consistent, except for limited variation in some support values (Fig. 12) . BI and ML trees showed strong support for the monophyly of Sinorhodeus and the other six clades defined in Chang et al. (2014) . Sinorhodeus forms a monophyletic group with the unnamed-Rhodeus clade, and the Sinorhodeus-unnamed-Rhodeus clade is sister to the Paratanakia clade. Topology of our analyses is otherwise identical to that of Chang et al. (2014) . The molecular data support the establishment of Sinorhodeus as a new genus in the subfamily Acheilognathinae.
FIGURE 12. A Bayesian inference (BI) tree of the combined dataset (7 genes: 6207 bps) for the Acheilognathinae. The topology from maximum likelihood (ML) analysis is similar to BI tree. Posterior probability value from BI analysis, and the bootstrap confidence values from ML analysis, are given in order at each node. Arai & Akai (1988) classified the species of the subfamily Acheilognathinae into three genera (Acheilognathus, Tanakia, and Rhodeus) with morphological characters and karyotypes, but several molecular phylogenetic studies have indicated that the Acheilognathinae only contain two major clades: Acheilognathus clade and TanakiaRhodeus clade, and the genus Tanakia is a paraphyletic group (Okazaki et al. 2001; Chang et al. 2014; Cheng et al. 2014; Kawamura et al. 2014) . Furthermore, Chang et al. (2014) showed the Tanakia-Rhodeus clade can be subdivided into five clades, and proposed two new genera, Pseudorhodeus and Paratanakia, to allocate one (Tanakia tanago (Tanaka 1909) ) and two (T. himantegus (Günther 1868) and T. chii (Miao 1934) ) species, respectively. However, the diagnosis of Paratanakia is poor. Chang et al. (2014) referred the diagnostics of Paratanakia typified by Tanakia himantegus to Arai & Akai (1988) , Lin (1998) and Ueda et al. (1997 Ueda et al. ( , 2006 . However, Arai & Akai (1988) only listed T. himantegus and T. chii as two species of Tanakia. No diagnostic character was given to distinguish the two species from other congeners. Lin (1998) placed T. himantegus in an unavailable genus, Paracheilognathus. The generic name Tanakia was not mentioned by Lin (1998) , and, again, not a single character to distinguish this species from other species of Tanakia was provided. There is indeed no morphological character to distinguish Paratanakia from Tanakia, and the two genera can only be distinguished from each other by molecular characters in DNA sequences. The morphology of Paratanakia needs thorough examination to find diagnostic morphological characters unique from Tanakia. Although Pseudorhodeus can be distinguished from the Tanakia clade (true Tanakia) of Chang et al. (2014) by an incomplete lateral line (vs. complete), the karyotype that they provided in the diagnosis is problematic. Chang et al. (2014) used data from Ojima et al. (1973) that Pseudorhodeus has a chromosomal constitution of 8M + 20SM + 20ST. This is identical to the karyotype of T. limbata (Temminck & Schlegel), the type species of Tanakia (2n=48: 8M+20SM+20ST) (Sola et al. 2003; Arai, 2011) , and cannot be considered a diagnostic character for these two genera. Despite the unclear definition of Pseudorhodeus and Paratanakia, the genus Sinorhodeus can be distinguished from these two genera by the absence of barbels (vs. present) and an incomplete lateral line (vs. interrupted incomplete in Pseudorhodeus, and complete in Paratanakia) (Günther 1868; Tanaka 1909; Miao 1934; Arai & Kato 2003) .
In the Acheilognathinae, species with an incomplete lateral line include Sinorhodeus microlepis, Pseudorhodeus tanago, Acheilognathus typus ( Arai & Akai (1988) reported that R. oryzae was a juvenile Tanakia limbata, the lateral line of which is complete as an adult. Arai & Kato (2003) proposed that P. hondae belongs to the genus Acheilognathus based on the numbers of pored scales and dorsal-and anal-fin rays. Lin (1998) considered A. kristinae as a possible synonym of Rhodeus fangi (Miao 1934) , but the presence of small barbels indicates that A. kristinae may not be a member of the genus Rhodeus. Sinorhodeus microlepis can be easily distinguished from R. oryzae, P. hondae, and A. kristinae by fewer pharyngeal teeth (0,0,4-4,0,0 vs. 0,0,5-5,0,0) , and more longitudinal scales (41-46 vs. no more than 35) (Jordan & Seale 1906; Jordan & Metz 1913; Holcík 1971) . Arai & Kato (2003) reported that the complete lateral line, along with other characters, represent the plesiomorphic states of Acheilognathinae, and speculated that the incomplete lateral line may be derived from a complete state by paedomorphic reduction. Sinorhodeus forms a monophyletic group with Rhodeus and an unnamed clade, among which the unnamed clade, with one species ("Acheilognathus" striatus Yang, Xiong, Tang & Liu 2010) herein and three species in Chang et al. (2014) , is the only group possessing barbels and a complete lateral line. Since a complete lateral line is a plesiomorphic state, it implies that the incomplete lateral lines of Sinorhodeus and Rhodeus are independently derived from the plesiomorphic state, or, alternatively, the lateral line might have become incomplete in the ancestor of Sinorhodeus-Rhodeus-unnamed clade and the plesiomorphic state might have been regained in the unnamed clade. In addition to its remarkable coloration, S. microlepis can be distinguished from all 19 species/subspecies of the genus Rhodeus by more longitudinal scales (41-46 vs. less than 41), less developed wing-like yolk sac projections in larvae (vs. well developed), the absence of a black blotch on the dorsal fin in juveniles (vs. present), and the absence of white spots on fin-rays of the dorsal fin (vs. present) (Tirant 1883; Arai & Akai 1988; Kottelat 1998; Arai et al. 2001; Hosoya 2002; Bogutskaya & Komlev 2001; Li & Arai 2011; Li & Arai 2014) .
All other species of Acheilognathinae, except Acheilognathus typus, have no more than 41 longitudinal scales by far (Mai 1978; Lin 1998; Bogutskaya & Komlev 2001; Kottelat 2001; Hosoya 2002; Arai & Kato 2003; Arai et al. 2007; Yang et al. 2010; Li & Arai 2011; Yang et al. 2011; Nguyen et al. 2013; Kim et al. 2014; Li & Arai 2014) . Acheilognathus typus is also the type species of the genus Pseudoperilampus (Bleeker 1863a) that was synonymized with Acheilognathus by Arai & Akai (1988 (Bleeker 1863b; Hosoya 2002; Arai & Kato 2003) . Sinorhodeus microlepis resembles Pseudorhodeus tanago from Japan in sharing an incomplete lateral line, a similar number of branched dorsal-and anal-fin rays (D. 8 in mode, A. 8 in mode), and similar morphology of the eggs and larvae (Tanaka 1909; Nakamura 1969; Suzuki et al. 1986; Hosoya 2002) . However, S. microlepis differs from P. tanago by more longitudinal scales (41-46 vs. 35-37), more transverse scales (16-18 vs. 10-11), absence of barbels (vs. present), absence of a stripe on the dorsal fin (vs. present), and presence of a longitudinal stripe on the flank (vs. absent) (Tanaka 1909; Hosoya 2002) .
Sinorhodeus microlepis also resembles Tanakia signifer (Berg 1907 ) (= Acheilognathus signifier) from Korea in sharing the number of branched dorsal-and anal-fin rays (vs. D. 8, A. 8) and morphology of eggs and larvae, but differs from T. signifier in having an incomplete lateral line (vs. complete), absence of barbels (vs. present) (Berg 1907; Suzuki & Jeon 1988) .
Sinorhodeus microlepis exhibits a number of unique characters among species of the subfamily Acheilognathinae. It is the only species possessing pharyngeal teeth in the arrangement of 0,0,4-4,0,0, whereas all other species so far known have pharyngeal teeth 0,0,5-5,0,0 (Lin 1998; Hosoya 2002) . Host preference of S. microlepis is also unique. All known acheilognathines only use freshwater mussels (Bivalvia: Unionidae and Margaritiferidae) to date (Liu et al. 2006; Kitamura et al. 2012; Kim et al. 2014) , whereas S. microlepis can use freshwater clams (Bivalvia: Cyrenidae). However, it is not yet known whether S. microlepis also utilizes mussels or not. Moreover, the cephalic sensory canal system and infraorbital bones of S. microlepis are distinctive among the Acheilognathinae. Arai & Kato (2003) reported the cephalic sensory canals and infraorbital bones of 27 acheilognathines from three genera and indicated that Rhodeus sinensis Günther 1868 is the only species in possession of both the most reduced cephalic sensory canals and the lowest number of infraorbital bones (4). Sinorhodeus microlepis shares the same number of infraorbital bones and a similar pattern of cephalic sensory canals with R. sinensis, but differs from R. sinensis in presence of the temporal canal (vs. absent) and an interrupted incomplete infraorbital canal (vs. complete or uninterrupted incomplete) (Arai & Kato 2003) . 
